Summary: The ventilatory capacity, including flowvolume curves of 313 men, all 50 years old, was examined in 1963 and 1967. The group as a whole, which included persons with chronic bronchitis, with ".other respiratory symptoms," and without respiratory symptoms, showed the same absolute decrease in ventilatory capacity.
Introduction
The effect of age, smoking, chronic bronchitis, and other circumstances on pulmonary ventilation has been studied repeatedly during the past 10 years. Nearly all the studies have been carried out on persons of different ages examined on one occasion only. Several studies of subjects of different ages with healthy lungs have shown by means of regression analysis that an approximately linear drop occurs in the ventilatory capacity with increasing age once the age of 20 has been passed (see Tables V and VI for references) . Factors such as the nature of the ambient air and smoking habits also affect the ventilatory capacity. A better way of studying the influence of different factors is to follow pulmonary function from year to year in the same people (Higgins and Oldham, 1962 ; Fletcher, 1968 ; Higgins et al., 1968) .
The present investigation had three aims: (1) to record the changes in the ventilatory capacity during a four-year period in a randomly selected sample of men born in the same year; (2) to determine whether there was any difference in the ventilatory capacity between groups which differed as regards respiratory symptoms and smoking habits; and (3) to analyse the drop with age in comparison with a prediction from regression equations.
The results of a cross-sectional study in 1963, using the same sample of men, on the connexion between smoking and ventilatory capacity have been published, as have the results from a control group without any respiratory symptoms (Wilhelmsen and Tibblin, 1966; Wilhelmsen, 1968) .
Material and Methods
The population studied and the methods used have already been described (Wilhelmsen and Tibblin, 1966) . All the subjects lived in Goteborg, a seaport in south-west Sweden. It is Sweden's second largest city, having 414,466 inhabitants jWork'ng on a grant from the Swedish National Association Against Hea!t and Chest Diseases. Present address: National Centre for Cardiovascular Disease (ASCAR), Bucharest, Rumania.
in 1963, and is the centre of an industrial region containing shipyards and factories making machines, motor-cars, and ballbearings. The air in the centre of Goteborg is more polluted than that in the outskirts, but no subgroup of our population differed from the others as regards exposure to polluted air. The names of all the men living in Goteborg born in 1913 on days of the month equally divisible by three were assembled-.
These totalled 973, and in 1963 extensive data on 88',', of these were collected. We had intended to examine the ventilatory capacity of every second one of them, but could do so in only 339 subjects. So far as we knew this did not introduce any bias (Wilhelmsen and Tibblin, 1966 (Welch, 1949) .
Both the differences between the absolute changes in ventilatory capacity and between the relative changes (in percentage of the initial value for the variable in question) were tested.
Results
The findings are shown in Tables I-IV. All the groups showed about the same absolute decrease in values for the variables of ventilatory capacity on the second occasion (V.C., F.EV., M.E.F. 50%, and M.E.F. 25%). The subjects with respiratory symptoms, who had lower values in 1963, showed a relatively larger reduction during the four years. No difference between the various groups in the lowering of ventilatory capacity was statistically significant (Table I) .
During the four years the P.E.F. dropped relatively the same amount as the two other variables of flow (M.E.F. 50/a and M.E.F. 25 f,,). The P.E.F. was measured by another examiner and with different apparatus from that used for the other two variables. differences emerged between the various groups when the calculations were made by means of the percentage drop rather than the absolute change. Thus the V.C. dropped by 0-25 1. between 1963 and 1967 in the non-smokers and by 0-38 1. in the subjects smoking more than 15 g./day. While these absolute values do not differ significantly, the relative drop was significantly higher for the smokers, who had a lower V.C. (4-56 1.) in 1963 than the non-smokers (4-83 1.). The same was true of F.E.V.l for the men who smoked more than 15 g./day compared with the non-smokers and ex-smokers. As regards the M.E.F. 50%, the two groups of smokers showed a significantly larger drop than the others when relative values were compared. Fifteen of the men had given up smoking between 1963 and 1967-seven in 1963, one in 1964, one in 1965, four in 1966, and two in 1967. Nine smoked 1-14 g./day and six more than 15 g./day. One had chronic bronchitis and six had other respiratory symptoms. V.C., F.E.V.1, and P.E.F. dropped about the same amount in them as in the non-smokers and ex-smokers. No significant differences in decrease of ventilatory capacity were, however, found between them and the men who still smoked.
The distribution of respiratory symptoms among groups with various smoking habits are shown in Table III There were no significant differences between decreases from 1963 to 1967.
In Table II however, the influence of tobacco smoking was not so evident. The absolute decrease of ventilatory capacity between 1963 and 1967 was not significant between any of the groups, partly because of a small number of subjects without symptoms in the group of smokers of more than 15 g./day. Statistically significant differences between two groups, however, were found when the percentage decreases were compared (Table IV) .
Discussion
The results of various authors making horizontal studies and using linear regression analysis of the reduction in ventilatory capacity with increasing age are shown in Tables V and VI. These authors examined persons who had no respiratory symptoms, but most of their series included smokers and nonsmokers. Both smokers and non-smokers were studied in the last series described by one of us (Wilhelmsen, 1968) (Tables  V and VI) . This series was selected on the basis of the same questionary as in the present study, the subjects thus corresponding to group 2 in our Table IV In the papers by Cotes et al. (1966) and Wilhelmsen (1968) sufficient. data were given to allow a statistical comparison; the present values were highly significantly different from those mentioned.
To discover the reason for these differences in decrease of F.E.V., especially between the present results and those ob'ained in the other study (Wilhelmsen, 1968) , we first examined the method we used. As already mentioned, the same apparatus was used in both studies, the same persons undertook the examinations, the same instructions were given, and, so far as could be judged, the persons were studied under the same conditions-including the same time of year. The ServoSpirometer was checked in the same way before and after the series of measurements in 1963 and 1967. The volume and flow data given by the apparatus were checked every day without any variations being noted in the results. Nor did checking the Wright peak-flow meter point to any fault in the apparatus. The measurements were made at different times of day. The subjects had been fasting on both occasions. Carey et al. (1967, 1968) found a decline of F.E.V.1 during the day of 0 043 1. in non-smokers and 0-071 1. in smokers ; but even if those high daily declines of F.E.V.1 were calculated in this series the yearly decline is significantly greater than predicted according to the above-mentioned equations.
In an earlier study (Wilhelmsen, 1968) of the same men without respiratory symptoms at the age of 50, the values for BRITISH MEDICAL JOURNAL 555 V.C., F.E.V., M.E.F. 500,,, and M.E.F. 25 % corresponded well with the means calculated from the regression equations. Thus after this age the ventilatory capacity seems to drop at a faster rate than that calculated from available regression equations. In a study of men aged 25-34 and 55-64 from an industrial town, some of them miners, Higgins et al. (1968' found that F.E.V. 7.; dropped an average of 0-02 1./year in non-smokers in the young age group against 0-03 1. in the older non-smokers. In the young group F.E.V.0 dropped each year by 0-6(/", of the mean F.E.V.,, 7 during the nine years, as compared with 1.3', for the older men. The corresponding drop in F.E.V.1 in the present series amounted to 1 %, which, when the difference in age is considered, corresponds well with the observations of Higgins et al. Fletcher (1968) found that F.E.V.1
fell an average of 0-026 1./year in 904 men followed for four to five years. This is significantly less than that noted here and less than that found by Higgins et al. Ferris et al. (1965) .. 0-036 0-027 1-65 0-49 Kory et al. (1961) .. 0037 0-028 1-59 0-52 Ringquist (1966) .
.. 0035 0-038 0-37 0-48 First four series combined according to Cotes et al. (1966) 0-036 0-031 1-41 Wilhelmsen (1968) .. 0-038 0-022 1-81 0-46
The present results indicate that the ventilatory capacity may not decrease linearly after the age of 20, as is generally assumed in calculating with regression equations. The increasing air pollution during recent years may have accelerated the reduction in ventilatory capacity with age compared with that found earlier. Another explanation may be that the older subjects without respiratory symptoms, used for regression analysis, constitute a group of more positively selected people. The respiratory symptoms-for instance, dyspnoea-are commoner at higher ages, and therefore a smaller part of the population will be accepted as " normals."
In the present study the number of respiratory symptoms did not affect the rate of the drop in ventilatory capacity with The initial values were, however, lower in those people with symptoms. Our findings agree on the whole with Fletcher's ecb3rvations that an upper respiratory infection never caused a particularly rapid fall in F.E.V. A few of our patients with respiratory symptoms, however, showed a much greater drop in ventilatory capacity than the average subject, and a greater drop than any subject without any respiratory symptoms.
Our study thus confirms the observations of Fletcher and of Higgins et al. that cigarette smoking has a definite effect in decreasing the ventilatory capacity. Thus in Higgins ct al.'s 25-34 age group the non-smokers showed a drop in F.E.V.o 75 of 0 021 1./year, as opposed to a drop of 0 037 1. for the subjects smoking 1-14 g./day, 0038 1. for the subjects smoking more than 15 g./day, and 0 029 1. for the ex-smokers. The corresponding figures for their 55-64 age group were 0 032, 0-044, 0 054, and 0 037 1. Fletcher found a correlation between cigarette smoking and sputum eosinophilia, on the one hand, and an accelerated drop in F.E.V. on the other ; this was interpreted as increased bronchial " sensitivity "in some cigarette smokers. Thus smoking seems to worsen the pulmonary function whether or not the subject has respiratory symptoms. For example, Wilhelmsen and Tibblin (1966) found a significantly lower ventilatory capacity in heavy smokers having no respiratory symptoms than in non-smokers. The present study also points to a more rapid drop in ventilatory capacity among heavy smokers without chronic bronchitis than among nonsmokers and ex-smokers.
Hence these findings suggest that, in choosing control subjects, not only the absence of respiratory symptoms but also the smoking habits have to be considered. The cessation of smoking could not be shown to diminish ventilatory capacity significantly less than in those who still smoked, though there was a tendency in this direction. An improved ventilatory function after varying periods of non-smoking has been demonstrated by Krumholz et al. (1965) , Wilhelmsen (1967) , and Peterson et al. (1968) .
Introduction
It is well known that exercise may induce bronchoconstriction in asthmatic subjects (Jones et al., 1962) , and in some patients wheezing on exertion is the sole manifestation of illness (McNeill ct al., 1966 ; Crompton, 1968 ; Rebuck and Read, 1968) . There is some uncertainty about the manner in which exercise produces bronchoconstriction, and to investigate this problem we have studied three patients with exercise-induced asthma.
Techniques
The patients were all studied in the same manner. All gave informed consent for these procedures. A Teflon cannula was introduced percutaneously into the radial or brachial artery and the patient was allowed to rest for a few minutes. The vital capacity and forced expiratory volume in one second (F.E.V.,) was then estimated by a pulmometer (Godart) on three occasions and a control arterial blood sample was taken. This and all subsequent samples were analysed for pH, Pco2 
